Insulin resistance is the critical condition for the development of metabolic syndromes including type II diabetes and heart disease. To investigate the active components of Angelica dahurica root which is known to increase insulin sensitivity, its methanol extract was subfractionated. The ethyl acetate (EtOAc) fraction of the Angelica dahurica root extract significantly promoted adipocyte differentiation in 3T3-L1 preadipocyte cells. Among the three compounds isolated from the EtOAc extract (bergapten (1), imperatorin (2) and phellopterin (3)), phellopterin (3) induced the highest adipocyte differentiation at 25 and 50 mg/mL. In addition, treatment with imperatorin (2) and phellopterin (3) increased the mRNA expression of peroxisome proliferator-activated receptors g (PPARg).
Introduction
Angelica dahurica (Fisch. ex Hoffm.) Benth. & Hook. f. ex Franch. & Sav. is a perennial herb belonging to the Umbelliferae family and contains various types of total coumarins [1, 2, 3, 4] . Thus, the dried roots have been used in Korean traditional medicine as a treatment for erythema, pains, sinusitis, and inflammation [1, 2] .
The peroxisome proliferator-activated receptors g (PPARg) plays a role in lowering insulin resistance by modulating the metabolism of fatty acids [3, 4] . PPARg regulates adipocyte differentiation and increases the number of small insulin-sensitive adipocytes, which are improtant in imparting insulin sensitivity [4] . Thus, PPARg is one of the targets of anti-diabetic agents [5] , and combining such agents with others that have different targets, can further improves insulin sensitivity [6] . PPARg agonist activity, determined indirectly by adipocyte differentiation and triglyceride accumulation, indicates potential antidiabetic property [7] . Rosiglitazone, an agonist of PPARg, has been widely used as an anti-diabetic drug for the treatment of the type II, but its adverse effects on the cardiovascular system, including increasing the risk of myocardial infarction, is a clinical concern [8, 9] .
To search for a PPARg mimetic with anti-diabetic activity from a natural source, we determined the adipocyte differentiation potential in 3T3-L1 cells treated with methanol extract from A. dahurica or with its subfractions. Three compounds, bergapten (1), imperatorin (2) and phellopterin (3), were obtained from the EtOAc fraction of A. dahurica. Phellopterin (3) is a naturally occurring furanocoumarin and its role as a partial benzodiazepine receptor has been described [10] . However, the anti-diabetic activity of phellopterin (3) has not been clearly identified. In this study, not only the adipocyte differentiation rate and up-regulation of the PPARg mRNA level by phellopterin (3) treatment were determined, also the improvement in the type Ⅱ diabetic status of streptozotocin (STZ)-induced diabetic mice treated with phellopterin (3) was assessed.
Results and discussion
Increase in adipocyte differentiation rate indicates that cells become more sensitive to insulin [4] . To identify the effects of Angelica dahurica on adipocyte differentiation, 3T3-L1 cells were exposed to various concentrations of Angelica dahurica root extract (ADE) or its subsequent fractions. ADE was fractionated with n-hexane, dichloromethane, ethyl acetate, n-butanol, and distilled water (Fig. 1) . The ADEs did not show any significant cell cytotoxicity up to 100 mg/mL (data not shown).
Although both the ADE and its ethyl acetate (EtOAc) subfraction significantly promoted adipocyte differentiation in a dose-dependent manner, the EtOAc fraction was most efficient (Table 1) .
Since the EtOAc fraction effectively stimulated adipocyte differentiation compared to the other fractions, we further subfractionated the EtOAc fraction with 75% aq. MeOH and then separated the individual compounds using ODS Prep HPLC (5 nm ODS, 75% aq. MeOH, Waters Spherisorb, Ireland). The structures of the three compounds isolated were identified using 1 H-NMR and 13 C-NMR spectroscopy.
Bergapten (1) We also evaluated the differences in adipocyte differentiation when cells were treated with 12.5, 25 and 50 mg/mL concentrations of the identified compounds (Table 1 ). In the case of Bergapten (1), cytotoxicity was observed at a concentration of 50 mg/mL or later. And Imperatorin (2) and Phellopterin (3) were cytotoxic at a concentration of 100 mg/mL (Not showing data). For this reason, we conducted experiments at concentrations of 12.5, 25 and 50 mg/mL. Rosiglitazone strongly promoted adipocyte differentiation at a relatively low dose (12.5 mg/mL). Bergapten (1) did not induce adipocyte differentiation compared to the control. Both imperatorin (2) and phellopterin (3) significantly increased the rate of adipocyte differentiation compared to the control at 12.5, 25 and 50 mg/mL. Interestingly, treatment of phellopterin (3) increased adipocyte differentiation to higher levels than that seen in rosiglitazone-treated cells. This result suggests that phellopterin (3) has an adipocyte differentiation potential similar to rosiglitazone.
Adipocyte differentiation can be prompted by the action of PPARg [4] . PPARg isoforms have been identified as key regulators of glucose absorption, lipid metabolism, proliferation, and cellular differentiation [11] . PPARg agonist thiazolidinedione have been widely used as insulin sensitizers for treatment of type II diabetes mellitus for more than 20 years [12, 13] . It shown a significant improvement of tissue (muscle and adipocytes) sensitivity to the effects of insulin, which is used in the treatment of type II diabetes mellitus [11] . Thus, we tested the effect of phellopterin (3) (Fig. 2 ).
Next, we tested whether these actions of phellopterin (3) could improve insulin resistance and attenuate blood glucose levels, in the diabetic status of HFD/STZ-induced type Ⅱ diabetic mice. Because, the animal model by feeding with high-fat diet 
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following STZ that would closely mimic the metabolism characteristics of human type II diabetes mellitus [14] . As shown in Table 2 and Fig. 3 , HFD/STZ mice showed impairments in the regulation of their blood glucose and in their lipid metabolisms, which resulted in highly increased glucose, triglyceride, and totalcholesterol levels. However, through the administration of phellopterin ((3), 1 and 2 mg/kg) improved the levels of blood glucose, triglyceride and total-cholesterol in HFD/STZ mice, and this role of phellopterin appears to be concentrationdependent. This result indicates that administration of phellopterin (3) could be helpful in reducing blood glucose levels and improving lipid profiles, which are beneficial in the treatment and prevention of diabetes. 
Conclusion
Phellopterin (3), a naturally occurring furanocoumarin isolated from A. dahurica promoted adipocyte differentiation and augmented the mRNA expression level of PPARg. PPARg has been identified as a therapeutic target for the prevention and treatment of both insulin resistance and metabolic syndrome. The results of present study revealed that A. dahurica and its major component, phellopterin, efficiently induced adipocyte differentiation, suggesting that it functions as a PPARg agonist.
These anti-diabetic actions resulted in the improvement of blood glucose and lipid levels in HFD/STZ mice. Therefore, the insulin-like differentiation-inducing activity of phellopterin (3) may be valuable as an interventional strategy for diabetic patients, and should be investigated further as a starting compound for the development of anti-diabetic drugs and PPARg mimetics (see Fig. 4 ). 
Materials and methods
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Preparation of Angelica dahurica extracts
Angelica dahurica plants were collected from a farm located at Bongwha, Gyeongsangbuk-do, and proliferated at the experiment farm of the Agricultural total-cholesterol levels were analyzed using a HEMAVET950 analyzer (Drew, USA).
Cell culture and adipocyte differentiation
Mouse 3T3-L1 preadipocytes (American Type Culture Collection (Manassas, VA, USA)) were incubated in DMEM containing 10% BCS along with 100 U/mL penicillin and 100 mg/mL streptomycin under 5% CO 2 , at 37 C. Cells in the confluent state were cultured in DMEM supplemented with 0.5 mM 3-isobutyl-1-methylxanthine, 10 mg/mL insulin, 0.25 mM dexamethasone and 10% FBS for 2 days, and then transferred into DMEM containing 10% FBS only.
The 3T3-L1 preadipocytes were treated with various concentrations of the isolated compounds for 9 days, and were compared to an untreated control and positive control. The cells were then immobilized with phosphate buffered saline (PBS) containing 3% formaldehyde for 1 hour at room temperature, and washed three times with PBS. In order to analyze the rate of adipocyte differentiation, the immobilized cells were treated using AdipoRed Assay Reagent for 10 minutes at room temperature and the degree of fluorescence was measured (485 nm excitation and 572 nm emission).
Quantitative RT-PCR analysis
Total RNA was extracted from 3T3-L1 adipocytes, after induced differentiation for 8 days, using PureLink RNA Mini Kit (Ambion, USA). One microgram of the total RNA was reversely transcribed with oligo (dT) primers, using the enzyme and buffer supplied in the PrimeScriptⅡ 1st strand cDNA Synthesis kit (Takara, Japan). Quan- 
Statistical analysis
All results are presented as means AE the standard error of the mean. Statistical significance of group differences as determined with one-way analysis of variance, and individual differences between the means of groups were analyzed using a modified t-test with Bonferroni correction; * P < 0.05 and ** P < 0.01 were considered significant.
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